Heating human adenovirus types ~ and 6 at 56° reduced infectivity very rapidly. A treatment for lo to 15 rain. usually completely destroyed the infectivity. However, the rescue of heated virus occurred when HEp-2 cells were inoculated simultaneously with heat-inactivated type I or 6 and u.v.-irradiated type 8.
INTRODUCTION
The reactivation of heat-or urea-inactivated poxvirus by intact poxvirus (Kilham, I957; Fenner et al. ~959; Hanafusa, Hanafusa & Kamahora, 1959; Joklik, Holmes & Briggs, ~96ob; Fenner & Woodroofe, ~96o) , is considered to be a non-genetic interaction between the intact DNA of the heat-or urea-inactivated virus and the protein moiety of infective or nitrogen-mustard-inactivated virus (Joklik, Abel & Holmes, 196oa) . The reactivation which was originally demonstrated by Berry & Dedrick 0936) with heat-inactivated myxoma virus and active fibroma virus seems to be a general phenomenon among poxviruses, although it has not been observed within other virus groups.
Human adenoviruses are extremely sensitive to heat. Treatment at 56° for 5 to 8 rain. results in total loss of infectivity of several types (Ginsberg, I956; Rafajko & Young, I964) . This paper deals with the rescue of the heat-inactivated adenovirus types I and 6 in HEp-2 cells inoculated simultaneously with ultraviolet-irradiated adenovirus type 8.
METHODS
Viruses. Adenovirus types I and 6 were kindly supplied by Dr H. G. Pereira (Mill Hill, London) , type 8 was isolated from a patient suffering from keratoconjunctivitis (Bglfidi et al. I963), Herpesvirus hominis was kindly provided by Dr K. E. Schneweis (G6ttingen) and parainfluenza type 3 was an isolate of this laboratory. The viruses were propagated in HEp-2 cells cultured in Eagle's basal medium containing m % tryptose phosphate broth and Io % calf serum (Macpherson & Stoker, 1962) . After infection the cells were maintained in Gey's medium enriched with 5 % rabbit serum and 0"25 % lactalbumin hydrolysate. The viruses harvested from tissue culture cells were separated from cellular debris by centrifugation at 3o0o rev./min, for 15 rain. Semipurified adenovirus was obtained by homogenization of supernatant in fluorocarbon.
Infectivity titrations. Infectivity assays were made in tube cultures of HEp-2 cells. Serial tenfold dilutions of the virus were prepared in Hanks's balanced salt solution and three cultures were used for each dilution. The infective titre was calculated as TCDs0 using the method of Reed & Muench 0938) on the fifth day of incubation in the case of Herpesvirus kominis and parainfluenza type 3-In cultures inoculated with adenoviruses the medium was renewed every 4 or 5 days and the cells were examined for the cytopathic effect over a 4-week period and then the TCDa0 was calculated. To test the inactivation of the virus treated by heat or u.v. irradiation o.I ml. portions of the undiluted and I : Io diluted virus were inoculated into HEp-2 tube cultures and incubated at 35 ° for 1 hr. Each culture was then washed twice with 2 ml. of Hanks's solution. After adding I ml. fresh maintenance medium the cultures were reincubated at 35 ° for a 4-week period as described above. The number of the tube cultures for testing the inactivation varied from 5 to 2o in different experiments.
Heat inactivation at 56°. One ml. samples of the 1:2 diluted virus, sealed in 5 ml. ampoules, were completely immersed in a water bath maintained at 560 (+ o-I°). For dilution Ca 2+ and Mg 2+ flee phosphate-buffered solution (PBS) was employed (Dulbecco & Vogt, I954) . After appropriate heating the samples were rapidly removed and chilled in ice-cold water.
Ultraviolet irradiation. One ml. samples of the virus diluted I : 2 in PBS were put in 60 mm. Petri dishes and irradiated with an u.v. dose of I5'5 erg/mm.2/sec. The Petri dishes were shaken constantly during the exposure. A Hanau germicidal lamp was employed as source of u.v. light and the u.v. dose was measured directly with a Latarjet dosimeter.
Trypsin treatment. Samples were incubated at 37 ° for I hr with 2 x crystalline trypsin (Serva), final concentration o.I %, followed by the addition of soybean trypsin inhibitor (Serva) at the same concentration.
Ultrasonic treatment. The samples were treated for 2 rain. with an MSE Ultrasonic Disintegrator using a power of 60 w.
Rescue assay. The standard procedure was as follows. To a portion of the undiluted heatinactivated virus the same volume of the undiluted u.v.-irradiated virus was added: 0.2 ml quantities of the mixtures were immediately inoculated into tubes and incubated at 35 °. After I hr adsorption the cultures were washed twice with 2 ml. of Hanks's solution and reincubated at 35 ° with renewal of the medium every 4 to 5 days. Harvesting was carried out when the cytopathic effect was evident in each cell of the culture. Final readings were performed after 4 weeks' incubation.
Neutralization tests. To IOO TCDs0 of the virus an equal volume of I : Io diluted adenovirus (type 6 or 8) immune rabbit serum was added and the mixture kept at 37 ° for 2 hr. Samples of o.2 ml. were next removed and used to inoculate three HEp-2 tube cultures. The cultures were observed over a 4-week period and replenished with fresh medium every 4 to 5 days. Adenovirus type 6 and 8 immune rabbit serum had a neutralization titre of I : z56 and I : I28 respectively.
RESULTS
Fluorocarbon-purified adenovirus type 6 was heated at 5 6o and the inactivation of the virus was determined as a function of the time of incubation. In accordance with the observations of others it was found that the decrease of infectivity proceeded very rapidly. Thus infectivity dropped 6 to 7 log units after 5 rain. and was completely destroyed after IO to I5 min. However, if the HEp-2 cells were infected with heat-treated type 6 together with u.v.-irradiated type 8, the presence of type 6 was subsequently detected in almost all cultures inoculated. The results of two independent experiments are summarized in Table i . The original infective titre of type 6 used for these experiments was 2o 8"~ TCDs0/o.I ml. Type 8 was irradiated for ~o min., which completely abolished its infectivity. When cytopathic effect was observed in all cells, the cultures were frozen and thawed five times and centrifuged at 3ooo rev./min, for 25 rain. Neutralization tests confirmed that the high infective titre (208 to 209.5 TCDs0/ml. ) of the supernatants was due to the presence of type 6. In reactivation experiments, where varying amounts of heated type 6 virus were used together with a standard amount of u.v.qrradiated type 8 virus (TabIe 2), it was shown that the rescue of heat-inactivated type 6 was dependent on its original infective titre.
Rescue was also found to depend on length of heat treatment (Table 3) . Table 4 shows the effect of time of irradiation of type 8 virus on rescue.
As the heat might result in clumping of adenovirions, we investigated whether ultrasonic treatment of heat-inactivated type 6 had any effect on its infectivity and rescuable capacity. Heat-inactivated type 6 (560 for I5 min.) was sonicated and then immediately tested for infectivity with and without added irradiated type 8. As control heat-inactivated, unsonicated type 6 was used. The results of this experiment showed that the sonication employed had no effect upon infectivity or on capacity of heat-inactivated type 6 to be rescued.
Heat-inactivated type 2 virus could also be rescued in cells simultaneously inoculated with u.v.-irradiated type 8.
In the studies reported so far the rescue of heat-inactivated type 6 and type 2 was accomplished by simultaneous infection with u.v.-irradiated type 8. Additional experiments I56 I. BI~LADI AND OTHERS showed that rescue of the heat-inactivated type 6 occurred only when infection with the u.v.-irradiated type 8 was carried out simultaneously with type 6. The effect of trypsin on both participants of the rescue system was also investigated. The trypsin treatment of the viruses immediately followed heat inactivation or u.v. irradiation of type 6 and type 8 respectively. The results indicated that trypsin affects neither the rescuable capacity of heat-inactivated type 6 nor the ability of u.v.-irradiated type 8 to rescue type 6. In a series of control experiments with heterologous viruses, the effect of Herpesvirus hominis and parainfluenza type 3 upon the heat-inactivated adenovirus type 6 was tested. Herpesvirus hominis or parainfluenza type 3 u.v.-irradiated for Io or 15 min. was added simultaneously with adenovirus type 6 heated at 56° for I5 rain. In both cases the viruses irradiated for 15 rain. showed no infectivity although after Io rain. irradiation the Herpesvirus hominis and parainfluenza type 3 had an infective titre of lo a'5 TCDso/o.I ml. and lO 2.5 TCDs0/oq ml. respectively. No rescue of heat-inactivated adenovirus type 6 could, however, be observed with these irradiated viruses.
DISCUSSION
The human adenoviruses are very sensitive to heat. Heating them at 56 ° for some minutes, the infectivity is completely destroyed (Ginsberg, I956; Rafajko & Young, 1964) . Electron microscope studies by Russell, Valentine & Pereira, (1967) have demonstrated that heating at 56 ° for IO min. removes the pentons together with the neighbouring five hexons of adenovirus type 5. Heating at 56 ° for I hr had no effect on the infectivity of isolated DNA of a simian adenovirus, SA7. However, intact SA7 is rendered non-infectious under these conditions (Burnett & Harrington, 1968 ) . These observations might therefore indicate that a certain heat-sensitive protein of the adenovirus particle is normally essential for its infectivity and thus the mechanism of the rescue of heat-inactivated adenovirus types I and 6 presented here is similar to that of the reactivation phenomenon of the poxviruses. In the cells infected simultaneously with heat-inactivated poxvirus, together with another active or nitrogen-mustard-inactivated poxvirus, the reactivation of heat-inactivated particles could be demonstrated (Fenner et al. 1959; Joklik et al. I96oa) . It has recently been considered that the heat-inactivated poxviruses are incapable of multiplying, because a DNAdependent RNA polymerase of the virion has been heat-denaturated (Fenner, ~968; McAuslan, 1969) . A DNA-dependent RNA polymerase was demonstrated as an integral part of the poxvirion (Kates & McAuslan, 1967) and its function is supposed to be essential for the uncoating process of the virion (McAuslan, 1969) .
In contrast to the rescue of heat-inactivated adenovirus, the reactivation of heat-inactivated poxvirus by u.v.-irradiated poxvirus could be performed only irregularly (Fennel I962; Joklik, I964, 1965) . On the other hand, Kitamura (i964) has reported that reactivation of vaccinia virus previously treated with the protease 'Nagarse' is readily achieved by simultaneous inoculation of u.v.-inactivated virus of the homologous strain. We found that the rescue of heat-inactivated adenoviruses by type 8 was dependent on the u.v. dose employed, i.e. type 8 when unirradiated or irradiated for more than 15 rain. was incapable of rescuing.
If it is assumed that certain heat-sensitive protein of the adenovirion is necessary to initiate arly events in the eclipse phase, resulting in the uncoating, then our data indicate that this protein must be trypsin-resistant. The hypothetical protein required for infectivity might therefore be identical with the five hexons adjoining the penton vertex capsomers as these hexons are removed together with the penton by heating (Russell et al. I967) , and, unlike the pentons, they are resistant to trypsin. However, the possibility could not be excluded that other trypsin-resistant and heat-sensitive protein is essential for rescue, e.g. an RNA polymerase, as it is supposed to be in the case of poxviruses.
Although no exact estimation of the number of type 6 particles rescued is available the results suggest that only a few virus particles are reactivated. This is evident since rescue of heat-inactivated type 6 with an original infective titre of lO s TCDs0 could usually be demonstrated in cells inoculated with undiluted heated virus and u.v:irradiated type 8.
The rescue of heat-inactivated adenovirus is dependent on the simultaneous inoculation of u.v.-irradiated type 8, whereas heat-inactivated poxvirus could be reactivated when inoculated 72 hr before the reactivating virus (Joklik et al. I96oc) . It might therefore be concluded that heat-inactivated adenovirus cannot enter the cells, and that the presence of u.v.-irradiated virus promotes penetration of heat-inactivated virus. Dales (I965) demonstrated that heat-inactivated ~accinia virus entered cells just as readily as unheated virus. To our knowledge no data, however, are available concerning the penetration of heat-inactivated adenovirus. Thus, the explanation of the mechanism of the rescue of heat-inactivated adenovirus types I and 6 by u.v.-irradiated adenovirus type 8 must await further investigations. Experiments are in progress to determine whether heat-inactivated adenoviruses enter the cells.
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